The current research evaluated the possibility of the real time (before crushing) measurement of the phenolic quality index of red grapes to define the true quality of the raw material destined for the production of wine or juice. The measurement procedure involved the use of a spectrometer and the acquisition of a reflectance spectral signal via optical fibres immersed directly in the sample to be analysed. The measurements were done on the same juice (grape must) used fo r refractometry analysis of the sugars. It was established that it was possible to objectively classify the red grape culth'ars tested on the basis of their anthocyanin and total polypbenol content. The experiments done in the winery and laboratory demonstrate a positive correlation between the colour of the must sampled from the grApe at delil'ery and the total polyphenols In that grape. The colorimetric parameter can be acquired instantly and the data used in real time to improve the management of the winemaking process and to pay for the grapes on the basis of their phenolic quality.
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The evaluation of grape qualjty in the enology sector is still generally perfonned by analysing only the sugar contcnt of a sample of juice obtained from the batch of grapes at the ti me of delivery. Only a few companies also evaluate the titratable acidity of the same juice to determine a funher parameter for the commodity classification of the grapes.
However. it is now well known that it is not only sugars and acids that detennine grape quality, but also other comJXInenlS, in panicular polyphenol and aromatic compounds (Gonzales· SanJose & Diez. 1992; Calb er al., 1994; Run Hernandez. 1996; Barcelo, 1997; Robin et al .• 1997; Venencie et al .• 1997; Celoni et al., 1999; Celoni & Carcereri, 2000) . NOIwithstanding their critical importance, these parameters are never quantified in the grapes at delivery time. when the series of processes begins for the transfonnation into juice or wine.
The introduction of titratable acidity and pH as determinants on the effect of delivery of grapes was ftrst considered 15 years ago (Anon. 1988 ). These analyses are however rather delicate as they involve a destructive analysis and the use of a glass electrode and an alkaline reagent. The minimum requirements are periodic cleaning of the electrode and checking that it is functioning correctly by daily or more frequent calibration.
Acidity is an important parameter for the evaluation of the grapes. In particular it gives useful indications for the winemaking technique (to enable adjustments to be made) and of possible problems concerning the microbiological stability of the wine. However, in temlS of relative importance, acidity is certainly less useful than the sugar content. ·Cornsponding aUIM,; E·mail addrtSS; l milio.ctlo/li@ull iud.i/ In contrast, for red grapes the polyphenolic profile is an important element of grape quality, as the principal organoleptic qualities of red wine are derived from it. Sometimes it is more important than the sugars. As a consequence, an evaluation of the phenolic quality of red grapes at delivery to the winery, before crushing. could be extremely useful for optimising the winemaking process and, retrospectively, for the introduction of an additional objective parameter for payment for grape quality (Celotti & Carcereri, 2000) .
The aromatic quality, especially for the aromatic varieties. that is, those in which the grapes have varietal aroma, or their precursors, may also be very useful as a funher quality parameter, although at the moment there are no analytical systems capable of evaluating this parameter in .real tinie at grape delivery.
Currently the phenolic potential can be evaluated in the laboratory by using various destructive analyses. These involve the disruption of the skin ceUs and phenol extraction (McCloskey & Yengoyan, 1981; Venencie et ai., 1997) . This approach is however not fast enough, even though it provides very detailed information about the various classes of polyphenols present in the grapes. A much more suitable method is the measuring the phenolic potential of red grapes by using non-destructive analytical methods, such as the direct measurement of colour in the grape juice at grape delivery.
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The introduction of titratable acidity and pH as determinants on the effect of delivery of grapes was first considered 15 years ago (Anon, 1988) . These analyses are however rather delicate as they involve a destructive analysis and the use of a glass electrode and an alkaline reagent. The minimum requirements are periodic cleaning of the electrode and checking that it is functioning correctly by daily or more frequent calibration.
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The aromatic quality, especially for the aromatic varieties, that is, those in which the grapes have varietal aroma, or their precursors, may also be very useful as a funhe r quality parameter, although at the moment there are no analytical systems capable of evaluating this parameter in real time at grape delivery.
Currently the phenolic potential can be evaluated in the l abora~ tory by using various destructive analyses. These involve the dis· ru ption of the skin cells and phenol extraction (McCloskey & Yengoyan, 198 1; Venencie et al., 1997) . lbis approach is however not fast enough, even though it provides very detailed information about the vari· ous classes of polyphenols present in the grapes. A much more suitable method is the measuring the phenolic potential of red grapes by using non·destructi ve analytical methods. such as the direct measurement of colour in the grape juice at grape delivery.
Colorimetry combined with other spectroscopic techniques has been used for a long time, even in the non· food sector, but the applications are mai nly laboratory based and refer 10 colour mea· surements aimed at defining parameters for an item from which some son of judgement about the type or qualiey of item involved can be derived (Chen et al, 1972; Huggart et al., 1976; Wildenradt & Caputi, 1976; Wrolstadt, 1976 , Inkrott & Gould, 1979 Gould, 1982; Lanza & Li, 1984; Buslig & Wagner, 1988; Ameny & Wilson, 1997; . Furthermore, there are on-line industrial applications in which colour measurements are used, for example, to evaluate the flow of different fluids in pipes or the evaluation of any sort of colour variation in a liquid or solid object (Clydesdale, 1973; Setser, 1984; McGuire, 1992; . Some applications exist for evaluating grape quality with the FTER (fourier, transform infrared), NIR (near infrared), and glucosyl-glucose systems (Lanza & Li, 1984; Garcia & Medina, 1997; Gishen & Dambergs, 1999; Dubernet & Dubernet, 2000) , but these are laboratory applications and are not used on samples of cloudy must at delivery for immediate analysis with the aim of classifying on the basis of phenolic maturity. These references are moreover outside the scope of the present work, which evaluates the spectrum in the VIS range.
Beginning with the supposition that very mature red grapes release much colour simply by being rubbed between fingers, the current research has evaluated the possibility of real time measurements, before crushing, of the phenolic quality of red grapes. This, together with the measurement of the sugar content and acidity, will be used in an attempt to obtain the most appropriate evaluation of the grapes to define their quality.
MATERIALS AND METHODS

Origin of grapes
The experiments involved the examination of red grapes delivered to wineries in Italy, Spain and Australia (years 1999 and 2001 . During the laboratory development of the method, stored grapes in climatised cells were used for some of the tests carried out in winter (Corvina and Corvinone). In order to increase the experimental range, samples were collected of various varieties of red grapes representing Central and Northern Italy (Cabernet, Merlot, Raboso, Nebbiolo, Barbera, Lambrusco, Sangiovese, Tempranillo, Aglianico, Shiraz).
Sampling and colour measurement
The colour measurements were made on the grape juice obtained from whole berries using a fruit juicer, thus simulating the effect of the sampling system of the must from the trailer, used to determine the sugar level. As it is an appliance that is available on the market, the conditions of use were standardised to ensure a constant volume of juice to be analysed under the same working centrifugation conditions in the laboratory. The colour measurements were also carried out on-line on the must. Samples were obtained from the trailer by means of a rotary drilling system. The sampling system was composed of a rotary drill that collects a sample of the entire vertical section of the grape. The action of the sampling system creates a mechanical effect on the skins, which results in the release of some of the polyphenols into the must to be measured. The mechanical action of the sampling system also causes the sample to become turbid, which is necessary for measuring the reflectance. This must sample was also used to evaluate the sugar concentration by refractometry.
For the analysis of the anthocyanins and other phenolic fractions, the grapes were blended and the homogeneous mass was used for the analysis of the anthocyanins by extraction under dif-ferent pH conditions and evaluation by decolouration with sulphur dioxide . The other phenolic fractions were measured directly by absorbance of a suitably diluted sample.
Some batches of grapes of the same variety, but with different colorimetric values, obtained by evaluating the sampled juice, were made into wine. In this case the maceration technology was similar to that normally used by the winery, but the exogenous operations with enzymes and tannins were excluded. After skin maceration, the colour intensity of the wine was evaluated. At least two vinifications were done for each variety using the same vinification technique (time, temperature, etc.) with the aim of obtaining wines that can be compared analytically in terms of the poly phenol compounds.
The wine analyses that were carried out were: total polyphenols by absorbance at 280 nm, anthocyanins by decolouration with sulphur dioxide, intensity of colour as Abs 420 nm + Abs 520 nm + Abs 620 nm.
Colour measurements
The colour measurements were performed with an instrument supplied by GHT (Giotto High Technology, Padova/ltaly); the signal transmitted by the optical fibres was processed by means of the TOP Sensor system software supplied by the same company.
The operating principle of the instrument used to determine colour is based on the spectrophotometric analysis of light. The measurements were performed continuously over the entire spectrum of visible wavelength. The measuring setup consisted of a stabilised halogen source and a reflectance probe; in this case, one extremity of the fibre was connected to the halogen source and the other to the spectrometer. Optical fibres were used to illuminate the sample and acquire the reflected light. The illumination was provided by a D65 with an illuminating angle of 0°, the parameters in the experiment were L*, a* and b* according to the CIELAB system (Gil-Munoz et al., 1997) . After the colour was measured the degree of redness (a*) of the analysed sample was extrapolated. The specific intervals of signal integration is the subject of a patent to which the complete procedure is linked for the objective evaluation of phenolic quality at delivery by the analysis of grape juice colour. Evaluation of the colorimetric parameters verified the higher correlation between parameter a* and the polyphenols. In practice there is a direct correlation between redness and total polyphenols and anthocyanins in the grapes.
The degree of redness given by the instrument was subsequently elaborated according to what was scheduled in the patent (Celotti & Carcereri, 1999) to provide the corresponding definitive scale of phenolic quality of the red grapes (from 90 to 200 and more). After calibration of the instrument (white and black) the fibre was immersed in the sample in an appropriate cell in order to standardise the measurement and avoid interference from environmental light. It is important that the sample to be measured must be turbid in order to most adequately exploit the light reflected by the sample itself. For this reason the system was applied to samples of turbid grape must obtained from the sampling of the contents of trailers, by using the sampling arm.
The cell is made of steel; it contains 400 mL of must and is protected from the external light to avoid interference. The measure cell was studied with the aim of obtaining a significant redness S. Afr. J. Enol. Vitic, Vol. 26, No. 2,2005 gradient from grape must with a significant gradient of total polyphenols and anthocyanins, evaluated in accordance with traditional laboratory procedures . The same cell was used for all the measurements done in the experiment. Measurements were always taken of samples constantly shaken to avoid bits of skin or grape pips being momentarily positioned on the measuring surface of the probe. The agitator is a 2blade system, with a speed of 200 rpm, positioned at the centre of the cell in order to avoid stratification of the solid particles in the must.
The luminous impulse emitted by the source arrived at the extremity of the probe and interacted with the area to analysed. The result of this interaction was then collected by the same probe and transmitted to the spectrometer.
Statistical analyses
Statistical analysis of the colorimetric data was performed by means of the statistics package Statistica/W -6.0 (StatSoft Inc.).
RESULTS AND DISCUSSION
In order to verify the reliability of the parameter measured, some laboratory evaluations were performed to find the optimum position for the optical fibres that, once immersed in the sample, supplied the colorimetric parameters. Table 1 shows that the repeatability of the measurement of must redness under constant mixing conditions is excellent; in fact the highest value of the coefficient of variation as a function of depth was 2.25, while the repeatability of the measurement of the maximum value was 1.50. Thus variation of the depth of the probe, in this case immersed up to 6 cm, had no significant effect on the data. In contrast, mixing the sample was very important as this guarantees the homogeneity of the medium to be analysed and prevents the generation of false data caused by, for example, large particles or grape seeds passing through the measuring area at the instant of data acquisition.
In some tests several samples of must were used for direct measurements of redness and anthocyanin concentration in order to demonstrate the existence of correlations between these parameters. In order to obtain a red chromatic scale, increasing volumes of red wine from the Ancellotta cultivar were added to a sample of turbid must. The strongly coloured Ancellotta wine was added in such a way that the different additions would not significantly alter the total volume, therefore small increasing amounts of very concentrated wine were added to a much greater volume; this allowed an anthocyanin gradient to be obtained without altering the pH of the means. For this first experiment the determination of colour with the spectrometer and optical fibre system involved placing the sample in a non-transparent white glass with the measuring probe immersed in the sample to a depth of about 2 cm and held on a suitable support, following criteria determined during previous development tests of the measuring cell.
The values obtained for the relationship between the redness and anthocyanins content (Fig. 1) demonstrated a good relationship between the colorimetric parameter and the anthocyanins; in fact, there was always a linear correlation with optimum values for the r Pearson coefficient of the function.
The linearity of the response allowed the "redness" parameter to be used for any anthocyanin concentration present in the juice. Considering that the direct colour measurement occurs in a turbid sample and that, in contrast, the traditional methods for determining anthocyanins involve samples cleared by centrifugation, the values for the anthocyanins should be lower than the direct colour measurements. Thus, in addition to the normal anthocyanin determination in limpid juice, an additional measurement was made of the anthocyanins on the centrifuged lees. For this analysis, the anthocyanins were extracted by suspension of the turbid fluid with hydrochloric acid at pH 1.0, and then analysed by means of the sulphur dioxide decolouration method. The anthocyanin concentration is therefore the sum of the value in the limpid juice and that in the turbid mixture, once expressed in terms of the juice starting volume. Figure 1 shows that there was a highly significant relationship between the "redness" parameter and the total anthocyanins and, furthermore, this value (R) was higher than that evaluated for only the clear juice. Moreover, also evaluating the anthocyanins contained in the cloudy particles gives a more accurate measurement of the polyphenols that are present in the wine after vinification, which are also present initially in the suspended particles. On the basis of the results obtained from the laboratory experiments, which demonstrated the correlation between the redness and the anthocyanins in a turbid juice (must), winery-based evaluations were made during the 1999-2000 and 2001 grape harvest at the Colli Berici Winery and several other Italian and Spanish wineries.
The colour measurements were performed on the juice samples at the same time as the sugars were evaluated at the refractometry station. Having observed all the batches of red grapes delivered to the winery, it was possible to obtain reference colour scales for the various cultivars. These evaluations took place in Relationship between the redness (from colour analysis) parameter and the anthocyanins in a turbid grape juice (must). Limpid must = analysis in the limpid must; Limpid must + lees extracted = analysis in the limpid and in the lees after extraction; r = Pearson coefficient. real time on continuously mixed samples, in order to eliminate interference caused by large pieces of skin or grape seeds.
In order to be able to make practical use of the colour measurements made on the juice obtained from the sampling arm, it was necessary to verify that this parameter was correlated with the quantity of anthocyanins and total polyphenols present in the skin of red grapes. Thus, tests were performed on various red grape cultivars. In order to obtain significant data, the evaluations were only made on samples of grapes obtained directly from trailers. The grapes were divided into two equal samples: one was used for the centrifugation to obtain the juice and the other for the analysis of the total anthocyanins. The grapes were chosen on the basis of having apparently different degrees of phenolic maturity, in order to be able to obtain significant redness gradients. Figures 2, 3 and 4 present several examples of the relationship between must redness and total anthocyanins. There was a good correlation between the redness of the grape juice and the skin anthocyanins, in both the fraction extractable at pH 3.2 and the potential anthocyanins extractable at pH 1.0. According to who first described the method, cellular maturity is the parameter linked to the different levels of extraction of the polyphenols from the skin under the different pH conditions (pH 1.0 and pH 3.2) used. This implies that for a given anthocyanin concentration, cellular maturity does not significantly interfere with the final classification of the grapes obtained from the correlation between the colour measured in the must and the total anthocyanins in the grapes. Another significant point is that the colour measurement is also significantly correlated with the concentration of total polyphenols evaluated by absorption at 280 nm, on both the extract at pH 3.2 and that at pH 1.0. This is not a cause and effect relationship, but the correlation can surely Variability of the grape phenolic quality parameter on Shiraz cultivar (from South Italy).
by phenolic quality prior to starting processing operations. It provides an overall index of the polyphenols, while further details can be obtained from the laboratory evaluation on the grape, but which requires long analysis times.
This is an analysis that requires no preparation, as the sample is . the same one as that used for determining the sugar level. It has the advantage that a classification of the grapes by classes of phenolic quality is obtained in real time from a colour measurement prior to the processing of the grapes. It is not important in this case to quantify the polyphenols, but merely to classify different batches of grapes, exploiting the concept of difference of maturation by which two batches of grapes with different phenolic maturity also provide two different values of the redness parameter from the analysis of the juice extracted at sampling.
On the one hand, this result is important for the management of the wine-making process and, on the other, it allows the production of a phenolic quality scale at the end of the harvest which could be used for classifying the grapes according to a possible payment system based on phenolic maturity. It would be up to each winery to establish the relative weight and relationship to assign to the anthocyanin quality and the grape price (extreme examples could be grapes for intense red wine and simple red table wine). This additional parameter for the evaluation of grapes could thus be added to those normally used (sugars, acidity) and growing-area criteria for the definition of a more accurate assessment of the quality of grapes.
From the 1999, 2000 and 2001 harvest, a scale of redness elaborated in phenolic quality scale (from colour analysis) for some cultivars is reported as an example. The measured values are sufficiently wide to discriminate different classes of grape phenolic quality (Figs 5 & 6) .
Wine was also made from batches of grapes separated on the basis of the phenolic quality parameter evaluated at the refractometric station on a sample obtained with a sampling drill from five sampling points per trailer. This manner of operating is important in order to obtain a sample sufficiently representative of the entire batch of grapes. The data from the wines obtained (Tables 3 & 4) show that differences in the on-line evaluation of the phenolic quality using the measurement of the colour of the must are always followed by differences in the colour intensity of the wine, obviously using the same vinification technique. These large-scale winemaking experiments represent an in-field verification of the importance a juice colour measurement can have as an additional instrument for the definition of grape quality and an improved management of the winemaking process.
In addition to the enological advantages, this evaluation could become an incentive for different and better management of the vineyard, aimed at obtaining more mature grapes from the phenolic profile, an aspect of fundamental importance for obtaining quality red wines. In fact, it is well known that the quality cannot be exclusively defined on the basis of the sugars, and furthermore the increasingly frequent cases of very sugary grapes with low concentrations of anthocyanins make the evaluation of colour even more interesting.. The absence of significant correlations between the phenolic quality parameter and the sugars at grape harvest, as shown in Table 5 , is a confirmation of the validity of the introduction of this measurement. The correlation values were very low and thus it was verified that evaluating only the sugar degree could result in enormous errors when judging the quality of red grapes, often penalising grapes that, although having a high concentration of anthocyanins and total polyphenols, also have a low sugar content. 
CONCLUSIONS
The measurement of colour in fresh grape juice, using the reflectance system, is reliable, repeatable and applicable to the red grape cultivars tested. The parameter of the phenolic quality of the grape, obtained from must "redness", can be obtained instantly and is therefore usable in real time for improving the management of the winemaking process.
It is possible to objectively classify the phenolic quality of red grapes at the time of delivery using a global index related to phenolic compounds. It would be possible to use phenolic quality measurements as an indication of the quality of the gtrapes.
The evaluation of the phenolic potential of red grapes could, in the medium-long term, become an incentive for improving vineyard management with the aim of maximizing the quality level of the grapes produced.
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